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INTRODUCTION

34
Colorectal cancer (CRC) is a common malignancy, it is the third most common cause of 35 cancer death in both men and women [1] . In general, CRC has a good prognosis, when it is 36 diagnosed and treated at pre-invasive stages [2] . However, the detection of early lesions is 37 still challenging.
38
To systematically characterize early tumoral transformations, an animal model of CRC exogenous contrasting agents [6] . Confocal endomicroscopy can reveal histological details 54 during ongoing endoscopy. However, the usefulness of this imaging modality in patients is 55 limited because of the need of fluorescent dyes [7] . Nonlinear and linear microscopy 56 techniques provide unprecedented information that might help to overcome these limitations. In this work, we have examined CRC progression by image deconvolution, TPEF and SHG 82 microscopies and present a detailed evaluation of the tumoral transforming colonic mucosa.
83
We introduce the principle of operation and properties of each microscopy and present 84 different quantization indices for diagnosis, discussing in depth the application of these novel 85 techniques in a mouse model of CRC.
86
87
MATERIALS AND METHODS
88
-Murine model of AOM/DSS-induced colon cancer
89
The study was previously approved by the Ethics Committee for Animal Research of the later, they were given dextran sodium sulphate (DSS) in the drinking water for seven days, 97 according to . Distal colon segments were dissected at day zero 98 and fourth, eighth, sixteen, and twenty weeks after injection (AOM-injected mice were not 99 evaluated at the week 0) (Fig. 2A) . These segments were destined to histological processing 100 (for control purposes, Fig. 2B ) and linear ( Fig. 2C ) and nonlinear optical (Fig. 2D) 101 microscopy observation (for quantification). (Fig. S1A, supplementary material) . Deconvolution was performed using the 120 DeconvolutionLab plugin from ImageJ [16] . Colon mucosa auto-fluorescence was observed 121 at different wavelengths (Fig. 2C) . Table 1 system has been published elsewhere [17] . Figure 2D shows representative images acquired 133 with this configuration; major components identified in this system are listed in Table 1 . The 134 microscope structure can be seen in Figure S1B (Supplementary material).
135
-Acquisition Strategy
136
Murine colon segments were longitudinally splitted and fresh mucosa optically sectioned in 
148
The open fresh mucosa is optically sectioned, and then deconvolved to obtain images at different depths; blue for 3D analysis.
160
-Quantification methodologies
161
The analysis of colon cancer progression was evaluated both at morphological and (essentially a measure of SHG prevalence) was quantified. To achieve the aspect ratio (AR),
184
Fast Fourier Transform (FFT) was used [20] . If the fibers have a parallel arrangement, the 185 intensity plot of the FFT image, look as an ellipse and consequently will have a higher AR.
186
In contrast, fiber with aleatory arrangement, exhibit an intensity plot of the FFT image, closer plugin from Image-J, which was described by Walker and collaborators [22] .
-Statistics
192
For multi-group comparisons, one-way analysis of variance (ANOVA) and a post-hoc
193
Tukey-Kramer test were used. In addition, t-testing was applied for two-group comparisons.
194
The level of significance employed was significant (*) p<0.05 and very significant (**) (Fig. S2B) . At week 8, ACF were bigger and appeared near large Peyer´s Plates.
208
Crypt distributions were not uniform, some with a large circular lumen and some with stellate 209 pattern (Fig. S2C) . At week 16, mouse exhibit big ACF and crypts with larger circular and 210 stellate lumens. Tubular adenomas are also identified (Fig. S2D) . Finally, at week 20 tubular 211 adenomas and well-differentiated adenocarcinoma were observed. Large circular and small 212 circular crypt lumens were observed (Fig. S2E) . biomarkers were used to analyze crypts morphology and tissue function changes on the 219 disease progression (Fig. 4, Fig. 6 , and Fig. S4 ).
220 Figure 4 shows the results obtained by processing autofluorescence images. Figure 4A 221 depicts images used for the Kudo pits were type I and the remaining were recognized as neoplastic changes (types III or IV).
237
Data in Figure S4 The analysis of autofluorescence intensity (Fig. 4B) for detecting and differentiating the abnormal tissues from the surrounding normal tissues.
324
More importantly, the methods proposed here, not use exogenous markers to detect early 325 changes, making them very promising for early diagnosis. classification by manual and automated analysis of autofluorescence microscopy images. 
